ABSTRACT: Implementation of effective no-take marine reserves almost universally results in an increase in the abundance of adult stages of exploited predatory fishes. However, the effects of reserves on the ecology of the juvenile stages of predators are unknown. Increased predation pressure from adults in reserves may not only reduce juvenile recruitment directly, but as a result of non-consumptive effects, may impact on critical aspects of their foraging behaviour, including diet and prey selection. In general, the feeding ecology of juvenile stages of large predators is poorly understood due to their relatively low abundance and cryptic behaviour. Here, we examined differences between reserves and fished areas in recruit abundance, diet, prey availability, and prey selection indices for recruits and juveniles of 3 predatory fishes: Plectropomus maculatus, Lutjanus carponotatus and Epinephelus quoyanus. Recruit abundance was similar between reserves and open areas. The diets of the 3 study species did not differ between reserves and open areas, with variation in diets largely explained by fish species and body size. At small sizes, all species consumed high numbers of shrimp, but diets diverged with growth. Overall, our results provide little evidence that more abundant predators inside reserves influence juvenile feeding ecology.
INTRODUCTION
No-take marine reserves, or areas protected from all fishing and collecting, are widely advocated and increasingly established with the goal of protecting or restoring biodiversity (Wood et al. 2008) , or enhancing fishery sustainability and yields (Pauly et al. 2002 , Lubchenco et al. 2003 , Mora et al. 2006 . Most studies have demonstrated that effectively enforced reserves result in greater biomass of adults of exploited species inside reserves compared to similar areas open to fishing (e.g. Halpern & Warner 2002 , Watson & Munro 2004 , Williamson et al. 2004 , Russ et al. 2008 . Commonly, the fishery-targeted species whose abundances are in creasing in reserves are carnivorous and piscivorous fishes (Roberts & Polunin 1991 , 1993 . Their increased abundance and biomass in side reserves has been shown to have cascading effects on the abundance, demography and behaviour of their prey (Connell 1998a , Graham et al. 2003 , Ruttenberg et al. 2011 , and predator recruitment inside reserves may be lower (Ayling et al. 1992) . However, few studies have focused on the ecology of juvenile stages of these predators (but see Sweatman 1993 , Light & Jones 1997 , Kingsford 2009 , and the effect of no-take reserves on the abundance and feeding ecology of juveniles is poorly known.
While contact between adults and juveniles may be reduced by ontogenetic shifts in habitat use that are common in predatory fishes (Ferreira & Russ 1992 , Dahlgren & Eggleston 2000 , adults often range across habitats and thus may still interact with juveniles. Greater predator abundance inside no-take reserves may influence the ecology of juvenile predators in a variety of ways. For example, large predators may decrease juvenile abundance via direct consumption. Alternatively, juveniles may be indirectly influenced via non-consumptive effects (sensu Blaustein 1997 , Lima 1998 ) as a result of the influence of large predators on juvenile foraging behaviour or top-down effects that ultimately affect prey availability for juvenile predators. Increased pressure from large predators has been shown to influence the foraging behaviour of small predatory fishes (Milinski & Heller 1978 , Madin et al. 2010 , McCauley et al. 2010 . Indirect effects may also arise as increases in herbivorous fishes alter the structure of the benthic habitat and therefore habitat availability for small fishes and invertebrates that are the prey of juvenile predators (McClanahan et al. 2000 , McClanahan & Arthur 2001 , O'Leary et al. 2012 ). In addition, the presence of large predators may influence the diets of juvenile predators and alter the timing of ontogenetic changes in diet and behaviour (e.g. Preisser et al. 2005 , Schellekens et al. 2010 . As a consequence of these factors, an increase in the abundance of large predators inside reserves could produce a range of differences in prey availability and juvenile diets compared to areas outside reserves. Most studies examining the diets of exploited coral reef fishes have focused on the adult stage (e.g. St John et al. 2001 , Kulbicki et al. 2005 , and the foraging ecology and prey consumption patterns of juveniles have received little attention (but see Kingsford 1992 , Connell 1998b , St John 1999 .
The goal of this study was to examine the effects of reserves on the foraging ecology of juvenile predators, including prey availability, diets and prey selection. We focused on 3 predatory fish speciesPlectropomus maculatus (Bloch, 1790), Lutjanus carpo notatus (Richardson, 1842) and Epinephelus quoyanus (Valenciennes, 1830) -that have exhibited dra matic increases in adult numbers and biomass inside no-take reserves on the inner Great Barrier Reef (Williamson et al. 2004 ). We tested 3 hypotheses: as a result of greater predator abundance inside reserves, (1) recruit abundance of the 3 study species is lower inside reserves (direct effect); (2) juveniles of the 3 species consume less prey (gut fullness) and a greater proportion of cryptic prey inside reserves (indirect effect); and (3) ontogenetic diet shifts from cryptic prey to mobile prey occur at larger sizes in reserves (indirect effect).
MATERIALS AND METHODS

Study sites and species
Sampling was conducted during the peak recruitment season (February to April) in 2008 and 2009 at 6 sites in the Keppel Islands region (23°10' S, 150°57' E) of the Great Barrier Reef Marine Park. Two sites were located in no-take reserves, Clam Bay (122.5 ha, protected since 2004) and Middle Island (165.5 ha, protected since 1988), and 4 sites were open to fishing (North Keppel Island, Miall Island, Humpy Island and Halfway Island) . No-take reserves in the Keppel Islands region support approximately twice the density of large predatory fishes as adjacent fished areas, and the 3 study species are the most abundant predators in this area (see Harrison et al. 2012) . On the Great Barrier Reef, Plectropomus maculatus and Lutjanus carponotatus are primary targets of both recreational and commercial fisheries, whereas Epinephelus quoyanus is an incidental catch (Williams & Russ 1994) . All 3 species are targeted in other parts of the Indo-West Pacific by recreational, commercial, artisanal and subsistence fishers (Sadovy 2001 , Evans & Russ 2004 .
The 6 sites were selected for this study based on the abundance of suitable habitat in nearshore, backreef areas where pilot study surveys had revealed that recruits (young-of-the-year) and older juveniles of the 3 study species were most abundant. Recruits of each species were identified based on size (mm total length, TL) with reference to previous studies examining length−age relationships based on otolith analysis (Ferreira & Russ 1992 , Newman et al. 2000 , Mannering 2008 . For Plectropomus maculatus and Lutjanus carponotatus, recruits were <150 mm TL, whereas for Epinephelus quoyanus, recruits were <120 mm TL.
Recruit abundance
Recruit abundance for each species was quantified using 8 replicate 50 × 5 m transects in the near shore recruitment habitat at each of the 6 sites in 2009 before collecting recruits and juveniles for gut content analyses. An unbalanced sampling design was used due to a limited number of no-take reserves with suitable recruitment habitat. A single observer (C.K.W.) surveyed each transect to minimize observer bias, and all individuals classified as recruits in surveys were much smaller than the size cutoffs re ported in the previous subsection. Adults of all 3 species were frequently observed in nearshore recruitment areas during surveys, which confirms that adults are capable of influencing juveniles. We compared only recruit abundance among reserves and open areas as we considered these individuals to be those most likely to be directly consumed by large predators. Data were Box-Cox transformed to meet the assumptions of parametric statistical tests due to the presence of zero-data on some transects (Akritas 1990) . A 2-way nested ANOVA was used to test for differences in abundance be tween zones (reserve and open, fixed factor) and site (nested within Zone, random factor).
Diet
Recruits and juveniles of the 3 study species were collected from the 2 reserve sites and 2 open sites (North Keppel Island and Halfway Island) in 2008 and 2009. The 2 other open sites (Miall Island and Humpy Island) were excluded from further analyses on prey availability, diet and prey selection as sample sizes from these locations were small due to the smaller areas of suitable recruitment habitat. Juveniles were collected by divers using SCUBA, spear guns, barrier nets, hand nets and a 10:1 solution of ethanol and clove oil as anesthetic. The length of each individual was measured to the nearest millimeter. Sampled fishes were stored on ice for transport to the laboratory to minimize decomposition of gut contents, and were dissected on the day of collection. The entire stomach was removed and stored in individual 10 ml containers filled with 10% seawaterbuffered formalin solution to fix and preserve gut contents. Gut contents from a total of 527 Plectropomus maculatus, 483 Lutjanus carponotatus and 676 Epinephelus quoyanus were examined. Many of these individuals had empty guts and some had guts that contained unidentifiable prey items. Those individuals that contained identifiable prey items were included in the analysis (Table 1) .
Prey items from gut contents were identified visually using a dissecting microscope (10× magnification) when from small predators (< 50 mm TL) and with the unaided eye for larger predators. Taxonomic identifications of prey were made using 2 standard field guides (Gosliner et al. 1996 , Allen et al. 2003 . Fish prey were identified to the Family level and included the following categories: Gobiidae (gobies), Blenniidae (blennies), Pomacentridae (damselfishes), Tripterygiidae (triplefins), Serranidae (sea basses), Labridae (wrasses), Pseudochromidae (dottybacks), Scaridae (parrotfishes), Chaetodontidae (butterflyfishes) and unidentified fish larvae. Invertebrates were identified to the Family or Order level and included the following categories: Caridea (shrimp), Brachyura (crabs), Galatheidae (squat lobsters), Alpheidae (snapping shrimp), Stomatopoda (mantis shrimp), Other Small Crustaceans (includes Isopoda, Copepoda and Amphipoda), Cephalopoda (squid and relatives), Palaemonoidea (prawns), and other invertebrates (unidentified). The numbers of each prey category were recorded from each gut content sample. Where possible, partial or half-digested prey items were identified using key morphological fea- We used the number of prey items rather than other metrics (e.g. proportion, volume) to facilitate direct comparisons with prey availability surveys. We compared the proportion of samples from each site with empty guts as a measure of 'hunger,' which has been used to estimate levels of stress and nonconsumptive effects in fishes (Arrington et al. 2002) . For each study species at each site, we calculated this metric as:
( 1) and compared the results between reserves and nonreserves using one-way ANOVA.
We analysed the effects of 5 factors on the diet of the 3 species: Year (2008 and In the 4-factor model, TL (in mm) of each individual was used as a covariate following Anderson et al. (2008) . We used permutational multivariate analysis of variance (PERMANOVA) to test for differences in the timing of ontogenetic diet shifts in the 3 study species. Homogeneity of multivariate variance was verified for all 4 model terms using PERMDISP (p > 0.05). The Bray-Curtis coefficient was selected to construct the similarity matrix after data were 4th root transformed. Due to the unbalanced sampling design and small sample sizes in certain size classes, Type I (sequential) sums of squares and Monte Carlo randomization were used to meet the assumptions of PERMANOVA.
To simplify the analysis and provide insights into how the types and foraging modes of consumed prey varied with predator size, we reclassified each of the prey categories enumerated above into 1 of 4 categories: mobile vertebrate, cryptic vertebrate, mobile invertebrate, and cryptic invertebrate. Assignment into each category was based on prey behaviour and habitat use. For example, small fishes in the Families Gobiidae, Blenniidae and Tripterygiidae typically remain motionless and in close contact with benthic substrates, and were therefore classified as cryptic vertebrates, whereas fishes in the Families Pomacentridae, Labridae and Scaridae are more active, and were thus classified as mobile vertebrates. We used PERMANOVA as above to test whether the 3 study species selected prey based on prey behaviour, and whether such patterns differed among zones, as a test of the influence of large predators on foraging by juvenile predators.
Prey availability
Prey availability was quantified at each of the 4 sites in April 2009. Based on the gut contents of the 3 study species, we surveyed the abundance of all prey taxa and defined prey as any organisms < 30 mm TL. To quantify the abundance of noncryptic prey, we conducted underwater visual census (UVC) surveys along 4 replicate 50 × 1 m transects at each of the 4 sites. A single observer (C.K.W.) re corded prey abundance along each transect to reduce observer bias. The prey observed and quantified during UVC were primarily non-cryptic fishes and crustaceans, identified to the Family and Order level, respectively. To quantify the abundance of cryptic prey, we used a dilute solution of ethanol and clove (10:1) as an anesthetic to sample 5 replicate 50 × 50 cm quadrats at each site at randomly selected points along the same transects established for UVC surveys. Two divers applied the clove oil solution to benthic substrates, waited approximately 3 min, and collected all anesthetized individuals for identification to the same taxonomic level used in visual surveys. Visual transects and clove oil surveys were conducted in the same locations before collecting recruit and juvenile predators for gut content analysis.
We tested for effects of 2 factors on prey availability: Zone (fixed effect: reserve and open) and Sampling Method (fixed effect: UVC transect and clove oil quadrat). Preliminary analysis using PERM-ANOVA revealed that variation among sites was non-significant (p > 0.05), and data from visual transects (mobile prey) and clove oil quadrats (cryptic prey) were standardized and pooled within each site to represent the total prey community following Fletcher & Underwood (2002) . We used PERM-ANOVA to test for effects of Zone and Sampling Method on prey availability. Homogeneity of multiGut fullness index no. ind. with empty st = − 1 o omachs total no. ind. collected variate variance was confirmed for both factors using PERMDISP (p > 0.05). Due to the occurrence of 0 values for some prey items, data were log(x + 1) transformed before constructing the similarity matrix. Bray-Curtis dissimilarity was used as the metric of comparison. Type I (sequential) sums of squares was used to meet the assumptions of PERMANOVA. Monte Carlo randomization was used to randomly sample data repeatedly and generate a probability distribution to calculate a p-value (p MC ) for each factor. Similarity percentage (SIMPER) analysis was used to evaluate the contribution of prey categories to variation between zones. The pattern of variation in prey availability between zones and sampling methods was visualized using Principal Coordinates Analysis (PCO; Anderson & Willis 2003) .
Prey selection
Strauss's linear index of selectivity (L) was calculated using data from prey availability surveys and gut content analyses to quantify food preferences for each of the 3 predator size classes outlined in the diet analysis (Manly et al. 2002) . Values of L range between +1 and -1. Positive values indicate selection for that prey category greater than expected based on its availability (selection), a value near 0 indicates that prey was selected as expected based on availability (neither selection or avoidance), and negative values indicate that prey category was selected less often than expected based on its availability (avoidance).
Multifactorial PERMANOVA was used to test for differences in prey selectivity using 3 explanatory variables: Zone (reserve and open), Species (the 3 study species) and Size (3 levels; the 3 size categories reported above in 'Diet' for each species). L for each prey category and predator size category was used as the response variable. Because L can range from -1 to +1, we used the Euclidean distance similarity index to construct the matrix, and Type I (sequential) sums of squares and Monte Carlo randomization were used to meet the assumptions of PERMANOVA due to the unbalanced sample sizes.
RESULTS
Recruit abundance
For all 3 study species, there was no significant difference in recruit abundance between reserves and open areas (Fig. 1, Table 2 ). Abundance of Plectropomus maculatus recruits was greater at sites open to fishing, but this effect was not significant. With the exception of Lutjanus carponotatus, there was also no difference in recruit abundance among sampling sites (Table 2) . However, we note that variability in recruit abundance among zones and sites was high, and thus our power to detect differences was low.
Diet
For each study species, nearly half of all individuals collected had empty guts. The mean (± SD) percentages of samples across the 4 sampling sites in 2 yr with empty stomachs were as follows: Plectropomus (58.5 ± 16.7%), Lutjanus carponotatus (57.2 ± 16.3%) and Epinephelus quoyanus (44.5 ± 15.6%). There was no significant difference in the proportion of empty guts between reserves and open areas (F = 4.068, p = 0.1308), suggesting that hunger level between zones was similar. There was no evidence that the diet of recruits or ju veniles differed between re serves and open areas. PERMANOVA analyses (Table 3 ) showed significant differences in diet among species and among predator size categories within a species, but there were no differences between zones (re serves and open areas) or sites within zones. The smallest individuals of both Plectropomus maculatus and Lutjanus carponotatus consumed a high proportion of cryptic invertebrates (shrimps and crabs), and the proportion of vertebrate prey in their diet increased in both species with size. In general, vertebrate prey items made up a grea ter proportion of the diet in P. maculatus than in L. carponotatus (Fig. 2) ; however, vertebrate prey species composition differed be tween the 2 predators: P. maculatus consumed cryptic gobies at smaller sizes and shifted to mobile damselfishes and wrasse at larger sizes, whereas L. carponotatus consumed small cryptic gobies (primarily Eviota spp.) when small and shifted to larger gobies (e.g. Asterropteryx spp. and Istigobius spp.) at larger sizes. In contrast, Epinephelus quoyanus predominantly consumed cryp tic invertebrates, exclusively at larger sizes, but with occasional mobile and cryptic invertebrates included in the diet of smaller individuals. Each of the 3 study species exhibited ontogenetic diet shifts, but the size at which these shifts occurred were similar between reserve and open areas (Fig. 2) .
Prey availability
As expected, prey availability data from visual transects and clove oil quadrats differed significantly (Table 4) as they sampled different types of prey (i.e. mobile versus cryptic). PCO illustrated a clear separation between the 2 sampling methods (Fig. 3) SIMPER analysis revealed that reserves had a greater abundance of Galatheidae (contribution: 19.1%), Palaemonoidea (14.06%), and Gobiidae (7.9%) than open areas, but had less Caridea (shrimp) (10.98%). These 4 prey categories accoun ted for 81% of the difference in prey availability between reserves and open areas.
Prey selection
Prey selection indices calculated from diet analysis and prey availability confirmed that prey selectivity shifted as predators grew larger (Fig. 4) . PERM-ANOVA analysis revealed that all 3 factors -Species, Zone and Size -had a significant influence on prey selection (Table 5) . As expected based on diet analysis, the 3 species differed in the prey selected. The significant effect of Zone (reserve versus open areas) on prey selection reflects the differences in prey availability observed between zones rather than actual differences in prey consumed by a given species in different zones. The significant effect of predator size on prey selection is reflected in clear ontogenetic shifts for all 3 species (Fig. 4) . Small Plectropomus maculatus (< 99 mm TL) preferentially selected shrimp (Caridea) in reserves and open areas whereas large P. maculatus (> 200 mm TL) avoided shrimp and predominantly consumed damselfishes in both reserves and open areas. As Lutjanus carponotatus increased in size, their preference for gobies increased while consumption of Galatheidae and shrimps decreased in both reserves and open areas. Similarly, Epinephelus quoyanus showed a preference for crabs (Brachyura) that increased as the size of the former increased, and a consistent avoidance of Galatheidae across all size classes.
DISCUSSION
Overall, we found little evidence that increases in the abundance of large predatory fishes inside notake reserves on the Great Barrier Reef influence the abundance or feeding behaviour of recruits and juveniles. We found no support for the hypotheses that no-take reserves with a greater abundance of large predators influence recruitment, diet, or the timing of ontogenetic diet shifts in juvenile predators. There were some unexplained differences in prey availability between reserves and areas open to fishing, which resulted in slight differences in the magnitude of prey selection indices for some taxa. However, overall the key trends in diet and prey selection were accounted for body size. Re cruits and juveniles of each of the 3 study species are found in the same nearshore habitat and have similar diets at small size classes, but their diets and prey preferences diverged as they increased in size.
Recruit abundance
Greater predator abundance inside reserves has been associated with decreased prey abundance and shifts in prey composition (Beets 1997 , Stewart & Jones 2001 , Graham et al. 2003 , and we therefore hypothesized that recruit abundance of predatory fishes would be lower inside reserves. We found no evidence to support this hypothesis, but our power to de tect differences was low due to high variability. Nevertheless, one likely ex planation for this result is that in our study system recruits and juveniles of the 3 study species are most abundant in shallow nearshore reef habitats, whereas adults are most abundant on reef flats and slopes. As a result, encounter rates between adults and recruits/ juveniles may be reduced, although we frequently observed adults in nearshore habitats. Quantifying encounter rates between adults and juveniles in different habitats (e.g. nearshore areas where juveniles are more abundant and reef slope habitats where adults are more abundant) would be useful to understand how juvenile predation risk varies across habitats. Predation risk for recruits and juveniles may also be lower for the 3 study species because at small sizes they are relatively cryptic and less abundant compared to other potential prey species, and may therefore only be opportunistic targets of large predators.
Diet
There was no evidence of a difference in the proportion of empty guts or in the diets of the recruits and juveniles of the 3 species between reserves and open areas. This finding was consistent across all sizes of recruits and juveniles, and suggests that their foraging behaviour was not influenced by the greater abundance of large predators inside reserves. The proportion of empty guts has been used as a basic metric of feeding rate in animals (Huey et al. 2001) . Pre vious work demonstrates that fishes in higher trophic levels feeding on energy-rich food resources often have a higher proportion of empty guts (Arrington et al. 2002) , but the relationship between frequency of empty guts and feeding ecology is still unclear (e.g. Gill & Hart 1994 , Vinson & Angradi 2011 . The proportions of empty guts in our samples were similar for the recruits and juveniles of all 3 spe cies across all sampling sites (means vary- ing from 44.5 to 58.5%), and greater than has been described for P. leopardus (30 to 40%, St John 1999 , St John et al. 2001 St John et al. 2001) , which could account for differences between the 2 studies. Furthermore, the higher proportion of empty guts in the present study may in part be an artifact of our sampling design; samples were collected throughout the day rather than focusing on the peak crepuscular feeding periods of predatory fishes (i.e. dawn and dusk, St John 1999).
Although there was no effect of Zone on the diets of recruits and juveniles, we found clear evidence of diet differences among species and ontogenetic diet shifts within species. At small sizes, Plectropomus maculatus and Lutjanus carponotatus consumed a higher proportion of fish prey than Epinephelus quoyanus. As they increased in size, juvenile P. maculatus and L. carponotatus diets diverged: P. maculatus switched to a diet dominated by fish prey, whereas L. carponotatus consumed a mix of fish and crustaceans. In contrast, E. quoyanus consumed mostly crustaceans, and this remained relatively stable throughout ontogeny. These patterns suggest that food competition between the 3 species, all of which occur in the same habitat, is relatively low (Root 1967) .
Previous studies have documented similar ontogenetic diet shifts in predatory fishes. For example, Plectropomus leopardus on the Great Barrier Reef exhibit a similar shift in diet with growth as we observed in P. maculatus, from crustaceans at small sizes to mobile fishes at larger sizes, including pomacentrids (damselfish) and labrids (wrasse) (St John 1999). However, large P. leopardus in New Caledonia include invertebrates (crustaceans and molluscs) in their diet (Kulbicki et al. 2005) , suggesting that diet varies regionally. Further evidence of a regional effect on diet comes from a comparison of the only published study we know of on diets of Lutjanus carponotatus and Epinephelus quoyanus and the results of the present study. We found that L. carponotatus fed on large numbers of blennies, and E. quoyanus consumed a high proportion of crustaceans at the inshore Keppel Islands, whereas Connell (1998b) found that L. carponotatus consumed gobies, and E. quoyanus consumed relatively more fishes at the offshore Capricorn-Bunker reefs, which are approximately 70 km from our study site.
Prey availability
Why abundances of Palaemonoidea, Galatheidae, Gobiidae and Caridea would differ between re serves and open areas is unclear, but several possible explanations exist. For example, most Pa lae monoids we surveyed were from the genus Coral liocaris, which is strongly associated with live Acropora corals (Stella et al. 2011) . Similarly, most gobies were from the genus Gobiodon, which is also strongly associated with live Acropora corals (Munday et al. 1997) . In a related study, we documented higher cover of live Acropora inside reserves in the Keppel Islands (Wen et al. in press) , which likely explains the greater abundance of Palaemonoids and gobies inside reserves. Furthermore, although not explicitly tested in this study, the removal of large predators can have cascading effects on both the structure of microhabitats and abundance of organisms in lower trophic levels (e.g. McClanahan et al. 2000 , Hughes et al. 2007 , Mumby et al. 2007 ), which could explain differences in the abundance of Caridea and Ga latheidae between reserves and open areas. However, the specific trophic relationships between large individuals of the 3 predatory species in this study -which were significantly more abundant inside Keppel Island reserves -and lower trophic levels remain unclear and warrant further study (e.g. Kramer et al. 2012 ).
Prey selection
Prey selection indices were calculated for 3 size classes of each study species using data from prey availability surveys and gut content analysis. All 3 study species exhibited selection for particular prey categories, and patterns of prey selection changed as species grew larger. In the smallest size class, the 3 species selected similar prey, but diets diverged at larger size categories. Ontogenetic shifts in prey selection are common in fishes and likely reflect differences in mouth size, muscle development, swimming ability, and predation risk between size classes. For example, small size classes of Plectropomus maculatus are relatively cryptic and remain close to shelter, and we found that they selected benthic crustaceans and small cryptic fishes. As they grew, juvenile P. ma culatus exhibited greater selection for non-cryptic, mobile fishes, which generally have a higher protein and lipid composition compared to prey selected by small size classes (Guillaume et al. 2001) . This dietary shift likely reflects an increase in swimming ability with increasing size and a decrease in predation risk that allows juveniles to forage farther from shelter and pursue mobile prey. In contrast, shifts in diet with size of the strongly benthic-associated E. quoyanus likely re flect the greater ability of larger individuals to handle large prey (e.g. larger gape and increased muscle development). At small sizes, Epinephelus quoyanus selected small shrimp and crustaceans, which have relatively thin shells, whereas larger E. quoyanus switched to consuming large crabs that have harder shells and higher protein content.
Although we did detect some minor differences in prey selection among the 3 species in reserves and open areas, these were most likely due to the as yet unexplained differences in the abundance of a few categories of cryptic prey between reserves and open areas. The Galatheidae and Palaemonoidea, which differed in abundance between reserves and fished areas, were largely avoided by all size classes of the 3 study species. In contrast, shrimp (Caridea), which were positively selected as prey by the smaller size classes of all 3 study species, were less abundant inside reserves, despite a similar abundance of recruits of the 3 study species in reserve and open.
CONCLUSIONS
In the present study we examined prey availability inside and outside reserves and evaluated the diets and patterns of prey selection of recruits and juveniles of 3 predatory fish species that are important fishery targets on Indo-Pacific coral reefs. We hypothesized that the greater abundance of large predators inside no-take reserves might influence the abundance of recruits and the diets and patterns of prey selection in recruits and juveniles. We found little evidence to support these hypotheses. Recruit abundances between reserves and open areas were similar for all species, and each species exhibited similar diets, patterns of prey selection, and ontogenetic diet shifts in reserves and open areas. Apart from providing some of the first quantitative data on juvenile dietary patterns for fishery species, this study demonstrates that there is little effect of a greater abundance of large predators inside reserves on the juvenile stages of these same predators. However, we note that similar studies should be conducted on other predator species, and in locations where differences in predator biomass between reserves and open areas are greater, to determine whether our conclusions are broadly applicable. 
